in soils treated with 5% gasoline, kerosene and diesel oil were investigated. Soil for study was bulked from around a car park in Port Harcourt. Soil samples were collected at weekly intervals for four weeks and subsequently at monthly intervals for four months, between the months of March and July 1998. The volume of carbon-dioxide produced in 40g soil ranged from 17.6 mg to 105.6mg for the control soil and from 30.8mg to 154mg for the hydrocarbon-contaminated soils. Statistical analysis using paired t-test between control and hydrocarboncontaminated soils showed significant differences for gasoline -contaminated soils. The rate of hydrocarbon degradation ranged from 0 µgg -1 oil h -1 to 0.60 µgg -1 oil h -1 for the control soil; 0.05 µgg -1 gasoline h -1 to 1.67 µgg -1 gasoline h -1 and from 0.12 µgg -1 diesel oil h -1 to 1.31 µgg -1 diesel oil h -1 for the hydrocarbon contaminated soils respectively. Carbondioxide production was generally higher in the hydrocarbon -contaminated soils than in the control soil with gasoline> diesel oil > control soils. @ JASEM Petroleum production began in Nigeria in 1958 and since then, cases of petroleum and refined petroleum spills onto agricultural lands through petroleum production operations have been reported (Odu, 1977; Awobajo, 1981 , Grevy, 1995 , Moffat and Linden, 1995 . The soil environment is the most dynamic site of interactions in nature and it is also the region in which many of the biochemical reactions concerned in the decomposition of organic matter and nutrition of plants particularly agricultural crops occur (Torstensson et al., 1998) . The microbial community carries out the majority of decomposition processes in the soil and are irreplaceable in the transformation and degradation of synthetic organic compounds and natural waste materials (Atlas, 1991 , Atlas and Bartha, 1992 Torstensson et al., 1998 . During utilization of energy sources, complex organic materials are utilized, which results in the production/release of inorganic plant nutrients such as nitrogen, phosphorous and sulphur. Intimate relationship exist between physicochemical properties of soil, soil organisms and soil biological properties. The use of microorganisms and their activities in tests of effects of a specific chemical substance in soil, as well as in studies of soil pollution has often been recommended. The microbiological decontamination (bioremediation) of oil polluted soils is claimed to be an efficient, economic and versatile alternative to physico-chemical treatment (Atlas, 1991) . Bioremediation involves the use of indigenous or introduced microorganisms to degrade environmental contaminants (Margesin and Schinner, 1997) .
The rate of microbial degradation of hydrocarbons in soils is affected by several physicochemical and biological parameters including the number and species of microorganisms present, the conditions for microbial degradation activity (e.g. presence of nutrient, oxygen, P H and temperature) the quality, quantity and bioavailability of the contaminants; and the soil characteristics such as particle size distribution (Margesin and Schinner, 1997) .
The population of microorganisms found in a polluted environment will degrade petroleum differently and at a different rate than microorganisms in a relatively clean environment (Obire and Okudo, 1997) . Petroleum hydrocarbon utilizing bacteria can tolerate oil -contaminated environments because they possess the capability to utilize oil as energy sources (Song et al. , 1990) . Other species may not and are gradually eliminated.
Microbial decomposition of petroleum and petroleum products is of considerable importance. Petroleum is a rich, source of carbon and the hydrocarbon within it are readily oxidized aerobically with the release of carbon-dioxide by a variety of microorganisms in soil (Odu, 1977; Atlas, 1981, Atlas and Bartha, 1992; Steffan et al, 1997) .
Although there is considerable information as to the microbial utilization of mixtures of chemically defined hydrocarbons and crude oils, (Obire 1990 , 1993 , Steffan et al 1997 .
There are no studies concerned with a comparison of the effect of refined petroleum hydrocarbons on soil respiration rate.
The aims of this study were to investigate the effect of refined petroleum on soil metabolic rate and on the rate of hydrocarbon degradation in the soil. This was carried out by comparing the effect of gasoline, kerosene and diesel oil on CO 2 production in the soil and on the changes at the concentration of the refined petroleum in soil.
MATERIALS AND METHODS
The soil used for this study is a petroleum hydrocarbon contaminated soil bulked from around a car park in Port Harcourt. A scoop was used to remove debris of organic particles from the surface of the soil. Surface soil (0 to 15cm) was collected at random, bulked, air dried and passed through a 2mm sieve ( Jepson Bolton & Co. Ltd., Watford U.K.) and stored in a green house.
Petroleum hydrocarbon fractions (gasoline, kerosene and diesel oil) were collected from the storage tanks of Total Petroleum Marketing Company. Prior to collection of the petroleum hydrocarbons, the outlet of the pumps were flushed severally before collection into sterile containers. The petroleum hydrocarbon treatment were applied at 0% and 5% levels.
Carbondioxide production in incubated soils were determined by Comfield (1961) method. Petroleum hydrocarbon treated soil samples (40g) were placed in screw capped bottles in triplicates, followed by placement of vials containing 0.5g of barium peroxide solution (dissolved in the ratio 1:10(v/w) by adding 5ml of distilled water to 0.5g of barium peroxide contained in small vials). Barium peroxide vials were also placed in two empty screw capped bottles to serve as control.
The soil samples were incubated at room temperature (28 o C) after screwing tight the bottles. Each bubble tower formed due to the absorption of CO 2 was rinsed with 20ml of distilled water and put into a conical flask for titration. Few drops of phenolphthalein indicator were added to the solution and the un-neutralized base (BaCO 3 ) formed is titrated with 1N hydrochloric acid.
The residual hydrocarbon remaining in the soil after incubation period was determined according to the method described by Odu et al., (1985) . The hydrocarbon content of the soils were determined by shaking 5g of a representative soil sample with 10ml of toluene. The hydrocarbon content extracted was determined by the absorbance of the extract at 420nm in a spectronic 20 spectrophotometer. A standard curve of the absorbance of known concentrations of the different petroleum hydrocarbon fractions in extractant was first drawn from which the quantity of hydrocarbon remaining and hydrocarbon degraded was calculated. The rate of hydrocarbon degraded was also calculated from the quantity of hydrocarbon degraded.
RESULTS AND DISCUSSION
Values of cabondioxide produced in 40g of the control soil ranged from 17.6mg to 105.6mg while values for gasoline, kerosene and diesel oil contaminated soils ranged from 79.2mg to 154 mg; 52.8mg to 145.2mg and from 30.8mg to 90.2mg respectively.
Apart from the 4th, 12th and 16th weeks, when CO 2 produced in the control soil was higher than CO 2 produced in the diesel oil and kerosene (12th week) contaminated soils, CO 2 production was generally higher in the hydrocarbon contaminated soils than in the control soil in which CO 2 production was lower.te of hydrocarbon -degradation (µg oil h -1 ) *in the petroleum contaminated soils is as shown in table 1. There was a progressive increase in the amount of carbon-dioxide produced for the first four weeks in the hydrocarbon contaminated soils, after which carbon-dioxide production decreased. Large amounts of carbon-dioxide were liberated in the hydrocarbon contaminated soils than in the control soil. The progressive increase in the amount of carbon-dioxide evolved in the incubated soils in the first four weeks is an indication of the utilization of petroleum hydrocarbon fractions as a source of carbon and energy by the microbial community.
The end-product of petroleum hydrocarbon degradation are carbon-dioxide and water which are also measures of microbial respiration and activity in soils. Higher rates of biodegradaton by soil microbial activity as shown from the carbon-dioxide production occurred during the first four weeks, the increase in carbon-dioxide production was progressive initially but started decreasing after week 4. This is also collaborated by the rates of biodegradation which was highest in the first four weeks. See table 1 The amount of carbondioxide produced in the control and in the hydrocarbon contaminated soil is in the order of Gasoline > Kerosene > Control > Diesel oil. Respiration of microbes occurred very rapidly during the initial period of incubation when the lighter and more readily degraded fractions were degraded but slowed down as the residue became more difficult to degrade on account of the increase of the heavier fractions.
The rate of hydrocarbon degradation was highest in the first four weeks, after which the rate declined in the control and hydrocarbon contaminated soils. Rate of biodegradation was in the order of Gasoline > Diesel oil > Control Unfortunately the spectrophometer was unable to analyze for the kerosene -treated samples.
CONCLUSION
Carbon-dioxide production which is a measure of microbial activity and respiration occurred in all soils. This confirms the fact that the microorganisms metabolized the petroleum hydrocarbons, which resulted in a progressive increase in carbon dioxide evolved, which decreased later following exhaustion of metalizable fractions.
The indigenous microbial flora of that soil showed hydrocarbon degradation potentials as was revealed by total hydrocarbon data obtained and carbon-dioxide production in the soils.
There was significant difference between control soil and gasoline -contaminated soil at both 5% and 1% level of probability. Grevy, P. (1995 
